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ABSTRACT 
Controlling the Number of Metal Sites to Which 
a Poly(tertiary phosphine ) Coordinates in Group 
6 Metal Carbonyls 
Nestor Paul Hansen 
Dr. Richard L. Keiter 
The compounds trisdiphenylphosphine( tricarbonyl) metal and 
trisdiphenylvinylphosphine( tricarbonyl ) metal of  molybdenum and 
tungsten were prepared. These compounds were allowed to react 
with diphenylvinylphosphine and diphenylphosphine , respectively, 
in the presence of azobis(2-methyipropio )nitrile or potassium 
t-butoxide to yield the complex containing bis( diphenylphosphino) 
ethane as a chelated ligand. 
�radical or base 
( Co )3M( PPh2H ) ( PPh2CH2CH2Ph2P)  
�radical or  base 
The tris-substituted compounds showed a large degree of 
lability which prevented the isolation of  the desired, 
( Oc )3M ( Ph2PCH2CH2PPh2 )3 , compound which contains three ditertiary 
phosphines acting as monodentate ligands. 
Coordinated diphenylphosphine and diphenylvinylphosphine 
pentacarbonyl compounds of  chromium, molybdenum and tungsten 
were prepared and allowed to react in the presence of potassium 
tertiary butoxide to yield bimetallic complexes containing 
1 
bis( diphenylphosphino )ethane as 
+ ) 
a bridge . All six possible products were easily prepared in 
yields as high as 88% o f  recrystalized product. The carbonyl 
regions of the infrared spectra of the three symmetrical com-
plexes ( M=M') show bands as expected for pentacarbonyl moieties 
of c4V symmetry. Resolution of the two A1 absorptions in the 
mixed metal ( unsymmetrical) complexes ( Co )5cr( diphos)Mo(Co) 5 
and ( Co )5cr(diphos)W(Co5 was achieved ( a  difference of 9 cm-1 ) 
while not for the unsymmetrical compound ( Co )5Mo( diphos)W(Co) 5 • 
Due to the natural abundance of tungsten - 1 83 ( spin number of t ) ,  
the complex (Co)5
1 83wPPh2CH2CH2Pb2PW( Co ) 5 resulted in an ABX type 
31 1 . 3 4 P NMR spectrum where JWP = 241 .6 Hz, JPP = 36.6 Hz and JWP 
within the instrumental limits of measurements c: 2 Hz) is equal 
to zero. 
ii 
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CHAPTER I 
2 
Introduction 
Advances in the last thirty years in the field of transition 
metal phosphine complexes have been numerous. These advances 
have been stimulated by discoveries that phosphine ligands can 
stabilize many unusual oxidation states .of transition metals 
and form isolable and e·asi.ly cJ:iaracter1zed organo (if and 1Tbonded ) 
hydrid o ,  carbonyl, and nitrosyl derivatives. And , even more 
recently , dinitrogen, acyl, nitrene and carbene complexes have 
been isolated. This chapter will focus on phosphine complexes 
of group 6 transition metal carbonyls , and in particular will 
concentrate on the synthesis o f  novel tris coordinated phosphine 
tricarbonyls of tungsten and molybdenum o f  the type ( OC ) 3M( PPh2 
CH2CH2PPh2 )3 • 
Essentially, there are five ( 5 )  general methods for producing 
phosphine metal carbonyl complexes: 
( 1 )  Direct Replacement. The direct replacement 
o f  carbonyl with phosphine ligands is the 
most common method and by far the most 
simple; but often this technique leads to 
a mixture o f  products. 
Cr ( Co )6 57 
3 
( 2) Indirect Replacement. Many alkene, alkyne , 
and arene complexes are known to undergo sub-
stitution by phosphine ligands as demonstrated 
70 
by Smith and Thompson with their preparation 
of cis-bis( triphenylphosphine )molybdenum · . .-. 
tetracarbonyl. 
PPh Mo(Co)4 (Norbornadiene) 3 � Mo( Co )4( PPh3)2 ( ' 70) Benzene 
Strohmeier and Muller showed that when tungsten 
hexacarbonyl is irradiated with u.v. in the 
presence of excess tetrahydrofuran ( THF ) ,  a 
complex is formed in which the THF can rea�ily 
be displaced with a phosphine ligand. 
u.v. > 
THF + cot 
(3) Reactive Intermediate. Metal carbonyls can 
react with base to form a reactive inter-
mediate prior to phosphine substitution as 
demonstrated by Hieber in 1959 when he syn­
thesized �-tris( triphenylphosphine)�ri-
carbonyl molybdenum. 
(3 1  ) 
4 
(4) Carbonylation. Ligands can be displaced 
by carbon monoxide as reported by many 
authors. For example, Booth, Chatt and 
Chini6prepared tris( triphenylp�osphine) 
platinum carbonyl. 
CO/ excess PPh} • Pt ( PPh3) 3CO 
( 5) Simultaneous Reaction. Simultaneous reaction 
of the metal with phosphine and carbon mon-
81 
oxide was demonstrated by Yamamoto•s research 
( 6) 
group when they prepared bis( triphenylphospEine) 
dicarbonyl nickel. 
Ni + PPh3 
CO. I 20 atm I 150 °c 
MeOH 
Of these five basic methods of preparing phosphine complexes, 
only the direct and indirect methods have shown a wide applicability 
to group 6. 
Direct substitution by the desired phosphine has several 
disadvantages. Included are the formation of a mixture of mono, 
bis, and tris substituted products, and resulting poor yields. 
For example, in 1961 Poilblan_c•s. research group64• 65, 66 prepared 
by direct reaction in refluxing diglyme a series of compounds of 
the formula (Co) 6_n M Ln ( n  � 3) where M = Cr, Mo or W and L is 
PPh3, PPh2Cl, PC12Ph or PC13 and molybdenum derivatives where 
L = PEt3, P�e3, P(OEt)3, P( OMe) 3, P (OPh) 3, PBr2Me, and PC120Et • 
5 
Yields o f  the tris substituted compounds were poor, and the 
existence o f  the cis /trans · and fac /mer isomers of the di 
·and trisubstituted derivatives could be established but separ-
ation not e ffected. 
Infrared Stretching Frequencies o f  Compounds Reported by Poilblanc* 
Ligand PC13 PC120Et PBr2Me P(OPh3 ) P(OMe )3 PPh3 PMe3 PEt3 Formula 
2094 . 5  2091 2087 2083 2080-4 2073 2071 2069 
1999 1 985 1 975 1 993-2003 1 984 1 951 1 947 
Mo(C0 ) 5L 1985 1976 1983 1 965-84 1 952 1 943 1 941 
fac. 2040 2026 2010 1 994 1 976 1 934 1 944 1 952 
Mo(C0)3 1 989 1 968 1926 1 893 1 835 1 854 1846 13 1916 
mer. 2056 2042 2017 1 993 1 961 1 952 
Mo(Co)3 1980 1 963 1 932 1 9 1 9  1 854 1846 
13 1 924 
* In CHCl 
In 1 971 Chatt•s research group reported a modification o f  this 
direct method by the introduction o f  sodium borohydride which 
catalyses the substitution reaction and also reduces the tendency 
o f  the hexacarbonyl to volatilize from the boiling reaction medium.17 
The mechanism o f  catalysis was not investigated, but as a measure 
o f  the catalytic activity, Chatt states, the catalyzed reaction 
o f  W(Co)6 with 1 , 2-bis(diphenylphosphino)ethan� at 80 °c for 5 
hours produced a 50% yield o f  pure (Co)4W( diphos) , whereas in the 
absence o f  NaBH4 , only minute quantities are formed, 
6 
Chatt states that in the absence of ethanol and 
NaBH4, the direct substitution requires 17 hours at 150°c in a 
sealed system to obtain a 60% yield. A brief summary of the 
products and yields are summarized below. 
Product Yield 
trans ( Co )4W ( PPh3 )2 70 
trans ( C0 )4W ( PEtPh2 ) 2 30 
f ac ( Co )3W ( PPh2Me) 3 65 
f ac ( Co ) 3W ( PPh·Bu2 ) 3  70 
f ac ( Co ) 3W ( PEt3 ) 3 25 
( Co )4w CH3C(CH2PPh2 ) 3 80 
trans ( Co )4Mo( PPh3 )2 90 
(Co )4Mo( PPh2CH2CH2Ph2P )  80 
( C0 )4Mo CH3C ( CH2PPh2 ) 3 85 
trans ( C0 )4Cr( PPh3 ) 2 45 
( C0 )4Cr CH3C ( CHzPPh2 ) 3 60 
Chatt concluded that the substitution must occur in a 
step-wise manner, but there was no indication of significant 
amounts of substitution products other than those reported. 
Where the above yields are low, the greater part of the hexa­
carbonyl is recovered unchanged, indicating that the substitution 
intermediate is labile. 
The sparse number of complexes reported by Chatt for Cr 
and Mo, especially considering that no tris chromium or molybdenum 
7 
compounds were form�d, indicates that this method is not applicable 
to a great number of these complexes. 
The indirect method of preparing phosphine complexes through 
the displacement of 'f(- bonded alkenes, alkynes and arenes is the 
most common and most preferred method of synthesis. This method 
has the advantage of being highly selective in the degree of 
substitution by the choice of the fr'- complex starting material. 
The disadvantage of this indirect method is the extra synthetic 
and purification step(s) involved in isolating the desired complex. 
The preparation of 11- complexes of Cr, Mo, and W has been 
extensively studied and will be briefly reviewed here. 
In 1958 and 1959 Nicholls and Whiting reported the direct 
synthesis of chromium tricarbonyl complexes of a series of aromatic 
compounds.59,60 Three approaches were used 
Cr(Co)6 + Arene 
reflux (Co)3cr(Arene) (59, 60) 
to prepare these compounds. The hexacarbonyl was refluxed; (1 ) 
directly in the aromatic solvent, as was the case for toluene, the 
xylenes, mesitylene, anisole and others; (2) in decalin or (3) di­
glyme with the desired aromatic ligand. Yields as low as 5% and 
as high as 99% were reported for the series of 25 complexes. 
Several other syntheses or alkene�8, 41, 43, 30, 5, 33 and 
arene 43' 62' 79' 80 complexes of tungsten, molybdenum and 
chrom.ium have been reported. In 1963, Ross• research group 
reported that the acrylonitrile complexes of Cr, Mo and W appear 
to be bonded through the nitrogen lone-pair of electrons rather 
8 
than the assumed olefinic carbon-carbon double bond.68 
(CHlCHCN)W(�o)5 , (�H2CHCN)2M(C0)4 (M: � Cr, Mo, W) 
(CH2CHCN)3
M (C0)3 
(M = Mo and W) 
The trisubstituted complexes seem to have c2V (meridional) 
geometry even though they were prepared by displacement of the 
ligand from c3V (facial) acetonitrile complexes.
69 
However, this alteration is not uncommon. Harrill and Kaesz30 
studied the displacement of cycloheptatriene and cyclooctatriene 
from the tricarbonyl molybdenum complexes using l3c enriched 
carbon monoxide and have concluded that the presence of both the 
cis and trans species of 13co,in. the isolated hexacarbonyls indi-
cates that the carbonyl groups in the original olefin complexes 
did not preserve their stereochemistry during the displacement of 
olefin by 13co. Therefore, substitution must proceed through some 
intermediate in which the CO groups lose their stereoehemical 
distinction. 
Other fr- complexes studied are those of cycloheptatriene, 
cyclooetatriene, cyclooctatetraene, cyclopentadiene and others 
that have the following general structures. 
diene 
\/ 
oc-M-CO 
/ � co co 
triene 
\I/ 
M 
/I�. 
co · co c0 
9 
Jenkins, Moss and Shaw�2reported in 1 969 that cycloheptatriene 
could readily be displaced by phosphine and phosphite ligands under 
moderate conditions ( 10 minutes - 5 hours re flux in benzene ) to 
yield the tris substituted complexes :  
fac-cr ( Co )3 ( PMe3 )3 
fac-Cr(Co)3 ( PMe2Ph)3 
mer-Cr ( Co )3 ( PMe2Ph)3 
fac-Mo (Co)3 ( PMe )3 
·fac-Mo( C0 )3 ( PMe2Ph )3 
·�!:£-MO ( C O )  3 ( PMe 2Ph ) 3 
�-Mo( Co )3 ( P( OMe ) 2Ph )3 
·faJ;..-W( CO)  3 ( PMe2Ph) 3 
Some mono and disubstituted complexes o f  Cr, Mo , and W were also 
reported and were prepared from both direct replacement o f  CO and 
indirect replacement o f  norbornadiene.  
In  1 967, Grim's research group27 reported the synthesis and 
3 1 P NMR c haracterization o f  25  monosubstituted complexes o f  Cr , 
Mo , or W using the following phosphines as ligands. 
PPh2 ( i-Pr) 
Some of the earliest known tris substituted metal carbonyls 
were prepared by Abel ,  et al� by the substitution o f  cycloheptatriene 
--
from the corresponding metal carbonyl. The series o f  compounds 
(Co)3MoL3 where L is PC13 , PPhC12 , Ph2PC1 and PPh3 were synthesized 
and it was observed that the carbonyl stretching frequencies steadily 
rose as the substituents on the phosphorous became more electro-
1 0  
negative. V (cm-1 ) co 
L A E 
PC13 2041 
1989 
PPhC12 201 6 1943 
PPh2C l  1 977 1 885 
PPh3 1949 1 835 
In 1 96579 and 1 966�0 Zi-ngales ,  et al. studied the kinetics 
of substitution o f  ( arene ) Mo(Co)3 with trichloro, phenyldichlor� , 
and tri-n-butyl phosphines. Zingales concluded that this substi­
tution proceeded by a SN
2 type mechanism ( contrary to a majority 
o f  reactions o f  this type which proceed by SNl)  and the rate o f  
substitution decreases with arene toluene�xylene)mesitylene and 
ligand = P(n-Bu) 3 )) PC12Ph > PC13 • 
Other reactions have been reported using cycloheptatriene 
tricarbonyl chromium as a starting material. Anderson , et, al. 
reported in 1972� that when treated with u.v. light in the 
presence o f  THF, followed by addition o f  triphenyl phosphine or 
phosphite , substitution of one CO results, forming 11-( cycloheptatriene ) 
dicarbonyl chromium triphenyl phosphine ( phosphite ) 
c ����d/b�
H
�o1( �� 
cc7H8 ) cr ( Co ) 3 2• L � cc7H8 ) ( co)�CrL 
The cycloheptatriene can then be replaced using other 
phosphines to yield many novel compounds. 
11 
In l9718and 19739 Bowden and Colton reported two new series 
of compounds. In 1971, while trying -·to produce tetra 
and tri carbonyl complexes directly from Cr, Mo, and W hexa-
carbonyls, and ortho, meta, and para (tri-toly�)phosphine, 
Bowden not only produced compounds of the general formula (C0)5ML 
and cis and trans (C0)4ML2, but also produced a series of compounds 
of the formula 1/-L-M(Co)3 where M = Cr, Mo, W and L = tri(o-tolyl) 
phosphine, where the central metal atom is 1r=-bonded to one of the 
arenes (o-toly) of the phosphine ligand which is also O"-bonded to 
the same metal atom. 
The other novel compounds prepared in 1973 are of the formula 
Cr(Co)3L and (Cr(C0)2L)2• The compound Cr(Co)3L was not 
isolated in the pure state but(Cr(C0�)2 was shown to have the 
structure 
12 
.by IR , NMR and elemental analysis. This structure contains a 
rr-bond between a chromium atom and one o f  the arene rings o f  the 
ligand which is also ()"-bonded through the phosphine to the other 
metal atom, thus forming a novel highly unsaturated bridged system. 
Shown above is the triphenylphosphine deritatite�: also isolated 
were the meta- and para- (tri-toly�phosphine ) analqgues. 
In 1 967, Smith and Thompson70reported the first synthesis of  
secondary alkyl and aryl phosphines of  chromium, molybdenum, 
tungsten, and iron carbonyls. The pentacarbonyl derivatives were 
were prepared by direct synthesis, while.the tetra and tri carbonyl 
derivatives were prepared from the norbornadiene and cyclohepta­
triene derivatives, respectively. Some properties o f  these 
compounds are listed in Table A. 
In 1 973, Bowden, Colton,  and Commons10 reinvestigated the 
reactions o f  triphenyl phosphine with molybdenul"', chromium and 
tungsten tricarbonyl(arene) complexes which yield ( C0 )3M(PPh3 )3 
( M  = Cr , Mo , W) in order to reconcile discrepancies between the 
results o f  various authors. The infrared spectra in the carbonyl 
stretching region for these complexes when prepared in n-hexane 
agreed with those o f  Poilblanc and Bigorgne65 but differ from 
those reported by Abel and his co-workers1 · as do the solubilities 
o f  the products in dichloromethane or chloroform. Bowden's 
analysis showed that two distinct crystaline forms, labled ol 
and f3 , exist. The data collected by Bowden is summarized in 
Table B. 
Table A. Some Physical Data Reported By Smith and Thompson70 
Mp Compound Yeo In Hexane ( cm-1 ) 
55-65 Cr(Co)5PPh2H 2067s 2024w 1985w 1953s 1945s 
73-75 Mo(Co)5PPh2H 2076s 2068w 2028w 1991w 1946s 
90-92 W(Co)5PPh2H 2074s 2067w 2023w 1983w 1950s 
95-97 Mo(C0)4(PPh2H)2 2028w 1938m 1922s 1913s 
140-150 Mo(C0)3(PPh2H)3 
* 1965ms 1869s 
73-76 Fe(C0)4(PPh2H) * 2056s 2024w 1984w 1953s 1946s 
160 decomp. Fe(C0)3(PPh2H)2 2062vw 198
4w 1946w 1890s 
* 
In Nujol 
31p 
JPH(Hz) 
1916w 340 
1923s 330 
1943s 1913w 343 
_. 
378 
\..>' 
Carbonyl Stretching Modes of Mo(Co)3!!3 _CoID,plexes As Collected By Bowden 
10 
Table B. 
Metal Ligand Form -1 In CH.2Q.!2 (cm ) 
-1 In Nujol (cm ) Reference 
Cr PPh3 ol 1940 1840 1940 1840 10 
ft 1950 1850 10 
Mo PPh3 ol 1940 1840 1935 1835 10 
13 1950 1850 10 
1935 1835 65 
1949 1835 
w PPh3 ;} 1935 1840 1930 1830 10 -� 1945 1840 10 
Mo AsPh3 ()( 1935 1835 1930 1835 10 
ft 1950 1850 10 
1957 1847 1 
w AsPh3 ;J 1946 1840 1940 1835 10 1950 1845 10 
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Recrystalization of the tungsten and chromium complexes 
from dichloromethane-n-hexane mixtures resulted in the ir-
reversible formation o! less soluble products ( labeled,B) 
whose infrared spectra differ from the derivatives. Similar 
treatment of the molybdenum complexes led to rapid decomposition. 
However, when Bowden repeated the preparation in refluxing benzene, 
as described by Abel and his group, 1 a product was isolated which 
was similar to that reported by these workers and also similar to 
the form of  the chromium and tungsten analogues described above. 
It, therefore, appears that two different forms of the complexes 
M(C0)3( PPh3 )3 exist. 
The absence of  solvent molecules in either form was confirmed 
by Bowden using both analytical and NMR techniques. Bowden, 
therefore, concluded that the oC.and fl complexes are simply the 
result of distortions in the stereochemistry about the metal 
arising from the molecular packing in two different crystal forms. 
This conclusion is further supported by the identical spectra 
obtained for both forms in solution in the case of the tungsten 
compounds. 
Through his experimentation, Bowden concludes that the cis 
and trans isomers of  the tetracarbonyl reported by many researchers76,80 
to be formed as a result of a competitive reaction from an inter-
mediate M(Co)3( PPh3 )2 complex is not so. Bowden concludes that the 
tetracarbonyl produc� is the result of decomposition of the 
initially formed tricarbonyl. This is confirmed by Lewis and 
Whyman54 who note that even the highly 
16  
insoluble p -Mo(Co)3(PPh3) complex decomposes after six hours 
of suspension in dichloromethane. 
The results of Bowden's investigations with the three 
tolylphosphines [pot, pmt and ppt = tri(o-, m-, and p-tolyl) 
phosphine, respectively] are consistent with earlier investigations8 
which conclude that steric interaction between the triphenyl 
phosphine groups is the cause of the decomposition of the tri-
carbonyl species. Thus with pot no tricarbonyl complex could 
be detected with any of the metals, and for chromium no tricarbonyls 
were observed with any tolyl. With Mo and W, pmt and ppt did 
give tricarbonyls of the type M(Co)3L3; but they were far more 
unstable (forming tetracarbonyls M(Co)4L2) than the triphenyl 
phosphine analogues. 
Poly(tertiary phosphines) of several types have been 
synthesized and their displacement of carbon monoxide, olefins 
and arenes have been fully characterized. These complexes have 
one of three structures, or a combination thereof. 
co 
Chelated 
co 
oc, /co ' / 
' / M 
oc/ ""'1'\ 
co ) 
L 
Dangling Bridging co 
1 7  
In order to prevent duplication , the following discussion 
will be limited to di-tertia.I1yphosphine ligands o f  the chelated 
and dangling types.  For discussion o f  tri , tetra, and higher 
tertiary phosphine complexe s ,  including the bridging type , 
see chapter ir o f  this thesis. 
In 1 961, C hatt and Watson1 5  prepared the first known di-. 
tertiary phosphine complexes o f  group 6 hexacarbonyls. The 
compounds were o f  the following general formulas: 
M (Co )4PPh2CH2Ph2P 
M (C0)4PPh2CH2CH2Ph2P 
M' (Co) 2( PPh2CH2CH2Ph2P) 2 
M (Co )4PEt2CH2CH2Et2P 
M ( C0 )4o-C6H4( PEt)2 
M(C0) 2( o-c6H4( PEt)2
) 2 
where M = Cr,  M o ,  and W 
All o f  these compounds were prepared by direct heating with 
hexacarbonyl and phosphine ,  except the dicarbonyls o f  chromium 
which had to be prepared from the mesitylene tricarbonyl chromium 
complex. Heating this complex with two moles o f  the diphosphines 
gave the dicarbonyl in fair yield, along with considerable por­
tions o f  the tetracarbonyl derivatives. 
In 1 966, Werner75,7G and his c o-workers also studied the 
reaction o f  ethylene bis( diphenylphosphin e )  with chromium and 
molybdenum hexacarbonyls and not only reported the chelated 
tetracarbonyl derivatives but also the bridging pentacarbonyl 
18 
species. 
Chatt, Leigh and Thankarajan17 used their sodium boro-
hydride catalysis (1971) (discussed earlier) to prepare the 
following chelated compounds. 
* 
In CHC13 
Yield 
50 
80 
40 
80 
80 
85 
60 
IR Yeo (cm-1)* 
2020m 
1920(sh) 
1903s 
1885( sh) 
2020m 
1925( sh) 
1909s 
1880( sh) 
2016m 
1923 ( sh) 
1893s 
1878( sh) 
2016m 
1924(sh) 
1895s 
1884('sh) 
2021m 
1926 ( sh) 
1909s 
1884(sh) 
2019m 
1928(sh) 
1906s 
1889(sh) 
2000m 
1915(sh) 
1875s 
1825(sh) 
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In 1962, Zingales and Canziani also prepared by direct 
reaction of hexacarbonyl and ethylene bis(diphenylphosphine) 
the tetracarbonyl (in Bu2o)  and the dicarbonyl (in dyglyme ) 
of Cr, Mo, and w. However, when the diphosphine was allowed 
to react with the metal cycloheptatriene complex, the tris 
bridging species was formed.  The structure was reported as the 
following, which is a bieyclo [!+,4,4] "cage type structure 
Ph 
I 
p-Ph 
• 
Zingales• data is summarized below where L = the diphosphine 
(See Table next page. )  
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Compound mp ( 0c) IR v 
-1 
CO (cm ) 
* 
Cr(Co)4L 201 dee 2012s 1901m t877s 
Cr2(Co)613 263 dee 1923m 1834m 
Cr(C0)2L2 264 dee 1834m 1773m 
Mo(C0)4L 183 dee 2020s 1908m t879m 
Mo2(C0)613 210 dee 1934m 1834m 
Mo( CO) 412 263 dee 1848m 1779m 
W(C0)4L 194 dee 2020s 1897m 1872s 
w2(C0)613 194 dee 193
5m 1834m 
W(C0)2L2 274 dee 1851m 1780m 
* 
In CH2Cl2 
In 1972, Keiter and Shah reported the synthesis of the 
pentacarbonyl tungsten complexes of .ethylenebis(diphenylphosphine) 
and . methylenebis(diphenylphosphine) where the ligands are coordi-
nated at one end and the other phosphine is dangling. Also reported 
is the synthesis of the bridging complex where each diphos is 
coordinated to two metal atoms. These synthesese were carried 
out using the aniline tungsten pentacarbonyl comple;5• 
+ diphos (Co)5WPh2PCH2CH2Ph2 
(C0)5WNH2C6H5 + "Ph2PCH2. (C0)5WFh2RCH2PPh2 
(CO) 5WNH2C6H6 + diphos --)' (CO) 5wph2Pr;H2CH2Ph�PJ/( CO) 5 
21 
IR Yeo -1 ( cm �* 
Mp{ 0c) B� A� 
(Co)5WPh2J?CH2CH2 PPh2 1 1 6-1 1 7  1 986 2074 
( CO )  5w Pl12i;CH2CH2 Pp�2 205-6 (dee )  1 983 . 2075 
( CO )  5w Ph2J?CH2 PPh2 1 88-9 ( dee ) 1 981 
1 072 
* In CHC13 
Grim•s research group has reported29 the synthesis o f  
several unsymmetrical chelating, dangling and two bridging 
species. The bridging and dangling species were synthesized 
using Keiter•s method o f  displacing the aniline from the 
E 
1940 
1942 
1 939 
( an.iline )W( CO) 5 complex. This led to linkage isomers for the 
unsymmetrical ligands which were coordinated at only one end. 
( See  Table ·c.) 
In 1 977, Keiter•s research group38 reported the preparation 
of pentacarbonyl complexes containing a ditertiary phosphine 
acting as a monodentate ligand ( leaving a dangling phosphine ) .  
+ -K t-BuO ( C0 )5WP�FCH=CH2 + PPh2H ) or AIBN 
Keiter•s group39 subsequently used this method of building 
the phosphine ligand after c oordination to yield the following 
dangling ligand product s ,  in which two bidentate ethylene 
trans- ( C0 )4cr( PPh2CH2CH2Ph2P )2 
trans- ( C0 )4Mo( PPh2CH2CH2Ph2P )2 
trans-(Co)4W( PPh2CH2CH2Ph2P )2 
bis( diphenylphosphino) ligands are coordinated as monodentate 
ligands. Reacting 1a:rul_s-( Co )4M( PPh2CH=CH2 ) 2 and diphenylphosphine 
in the presence o f  free radical initiator AIBN [azo-bis(2-methyl­
propioni trile il , Keiter obtained the triphosphine derivative 
22 
Table c. Some Complexes Reported by Grim's Research Group29 
Compound Yield Mp(0c) 
Cr(Co)4LI 43 167-9 
Mo(CO >411 42 92-5 
W(C0)4LI 30 108-112 
Mo(Co)5 2L1 60 103-6 
W(Co)5LI 50 oil 
W(C0)5 2LI 80 106-10 
Cr(Co)4LII 41 157-9 
Mo(C0)4LII 42 148-9 
W(C0)4LII 37 153-4 
Cr(C0)4LII 38 208-11 
Mo(Co)4LIII 37 181-4 
W(C0)4LIII 37 199-201 
W(C0)5LIII 70 oil 
W(C0)5Lrv 42 223-4 
where LI = Ph2PCH2CH2PPhMe 
LII = Ph2PCH2CH2PPhEt 
LIII = Ph2PCH2CH2PPb(·i,Pr) 
LIV = Ph2PCH2CH2PPh(sec-Bu) 
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M = Cr, Mo, W 
of 1,3, 4-tris( diphenylphosphine)butane, coordinated as a 
bident·at·e ligand leaving one· dangling pho.sphine. 
Keiter's group later reported40 using this same technique 
to prepare a novel series of bimetallic bridging species which 
contain two different group 6 metals. These complexes are 
described in detail in chapter II of this thesis. 
The intent of the author was to use Keiter's method of 
synthesis to prepare tricarbonyl metal ligand species of 
molybdenum and tungsten which would contain three bidentate 
phosphine ligands acting as monodentates, resulting in three 
dangling phosphines. However, the following chelated product 
was the result of repeated efforts. 
co 
M = Mo and W 
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Results and Discussion 
Trisubstituted octahedral compounds can exhibit two 
geometrical isomers, facial and meridional. 
L L 
L 
Facial Meridional 
The meridional isomer belongs to the c2v point group and 
exhibits three carbonyl stretching frequencies which belong to 
irreducible representations 2A1 + B2• The facial isomer gives 
rise to two carbonyl stretching absorptions (A1 + E )  in accord­
ance with its c3v point group symmetry. 
The method chosen for preparation should yield only the 
facial isomer. Substitution reactions, however, sometimes lead 
to isomerization as shown by Ross, et a1. 68 who reported that 
isolated acrylonitrile complexes of Cr, Mo and W were all 
meridional isomers even though they were prepared from the 
facial acetonitrile complexes �M,(Co)3(cH3CN)3 • Also, Harril 
30 and Kaesz (as discussed earlier) reported that the displacement 
of cycloheptatriene and cyclooctatriene from the tricarbonyl of 
25 
molybdenum with l3co enriched carbon monoxide resulted in a 
considerable amount of cis and trans isomer of 13co in the 
hexacarbonyls isolated. They concluded that the displacement 
of olefin must occur through some intermediate where the CO 
groups lose their stereochemical distinction. Jenkins and his 
research group32 reported the presence of facial and meridional 
isomers when displacing c7H8 from chromium and molybdenum complexes 
with triphenyl, dimethylphenyl, and dimethoxyphenyl phosphines. 
These and other random isolations of both isomers stimulated us 
to examine all reaction mixtures for not only the expected facial 
species, but also for the unexpected meridional product. 
Most of the work on the synthesis of the complexes discussed 
in this paper was carried out with several errant assumptions. The 
first errant assumption was that the desired products were air-stable 
and would provide little or no problem during isolation and purifi-
cation. The second assumption was that any one of the many solvent 
systems reported would product crystals of consistent melting point 
and that all of the compounds were stable in these solvent systems. 
1 0  As discussed earlier in this paper, Bowden, et al. reported that 
two different crystaline forms of these tris substituted complexes 
exist which have different melting points, IR carbonyl stretching 
frequencies and solubilities. Bowden also reported that tris 
compounds containing triphenyl and sometimes diphenyl phosphines 
were inherently unstable. His conclusion was based on attempts 
at preparing the tris tri o-, m-, and p-
26 
tolylphosphines. No tris compounds of tri o-tolylphosphine 
could be prepared with any of  the group 6 hexacarbonyls . And 
the tris m-, and p- tolylphosphines of Mo and W, when formed, 
were far more unstable than the triphenyl analogues. 
Furthermore, as Bowden reported, complexes that were 
crystalized into the alfa (Ol.) state would immediately decompose 
when attempting recrystalization from CH2Cl2 I n-Hexane. The 
author has: shown that the mesitylene-metal complexes of  
both Mo and W would instantly decompose if  methanol is  . used 
during recrystalization. Needless to say, this led to much 
frustration. 
Since the method of Keiter's group38 was chosen to prepare 
the tris substituted tricarbonyls of  tungsten and molybdenum 
(M(C0)3(PPh2CH2CH2PPh2)3) containing three bidentate phosphorous 
ligands each acting as monodentates, leaving three dangling 
phosphines, it was necessary to first prepare the starting 
materials. Both ( Co)3Mo(EPh2n)3· £.!_) �n� ( Co)3W(PPh2H)3 ( II )  were prepared 
in moderate-to-good yields (89 and 49 percent, respectively) 
from the displacement of  mesitylene (1,3, 5-trimethyl·b�nzene)) 
from their respective tricarbonyl c6mplexes. .,,,, . 
M = Mo and W 
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The IR absorptions in the carbonyl stretching regions for 
both the Mo and W complexes show the expected two absorptions expected 
for the facial isomers (Fig. Land Fig. II, respectively). 
However, the carbonyl stretching frequencies of our 
(Co)3Mo(PPh2H )3 taken from the expanded spectrum do not 
correlate well with those of Smith and Thompson70 reported in 
1967; neither do the melting points, crystaline color, nor 
crystaline shape correlate with those of Smith. 
Color 
mp 
\)co 
Method of Prep. 
Off-white needles 
160 decomp. 
1953s and 1860s cm-1 
(CH2Cl2 ) 
Displacement of arene 
Smith70 
Purple platlets 
140 - 150 
1965ms and 1869s cm- � 
(Nujol ) 
Displacement of 
cycloheptatriene 
The 31 P NMR of (C0)3Mo(PPh2H )3 (Fig. III)  shows the 
expected singlet for three chemically equivalent phosphines 
at a downfield chemical shift of o = 24.3ppm. The proton 
coupled spectrum , also shown in Fig. III , shows the expected 
doublet resulting from proton-phosphorus spin-spin splitting, 
with a coupling constant of 
1JPH = 313Hz, which is characteristic 
of this type of complex. 
The 3 � P NMR of (Co)3w(PPh2H )3 (Fig. IV) again shows the 
expected singlet at � = 6. 4ppm (characteristically farther 
upfield than the corresponding complexes of Mo ) .  Also shown 
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Figure 1. Expanded IR 
1860 
1953 
29 
Figure 2. Expanded IR ( V CO) of (Co)3W( PPh2H)3 
1 885 
1966 
30 
Figure 3 • .  31 P NMR of ( Co)3Mo ( PPh2H)3 ( proton decoupled )  
24.3 ppm 
.31 
Figure (proton decoupled) 
6.4 ppm H3Po4 
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are the tungsten - phosphorous "satellites" which are due to the 
interaction of tungsten-183 ( 14.3% natural abundance ) and phos-
phorous . Thus a doublet is formed with a characteristic coupling 
1 31 constant of JWP = 218.5 Hz. The proton coupled P ( not shown) 
1 yield a JPH = 332 Hz. 
The tris-diphenylvinylphosphine complexes of Mo and W were 
also prepared from the corresponding mesitylene complexes, and 
also in moderate-to-good yields ( 40% and 79% respectively ) .  
Figure 5 shows the expanded carbonyl region of ( Co )3Mo 
-1 ( PPh2CH=CH2 )3 (III). The small absorption peaks at 2022 cm and 
1 903 cm-1 are due to solution decomposition and are probably due 
to the formation of cis products ( by comparison of measured Vc:o 
with those reported for similar compounds ) .  However, these 
impurities were barely evident in the spectrum recorded minutes 
before this expanded spectrum, Fig. 6 ( this spectrum was run just 
minutes before to check the intensities of the absorption and to 
confirm that they were on scale ) .  These spectra demonstrate the 
rapid decomposition experienced in the presence of air throughout 
the course of this experimental work. The solution instability 
also accounts for the decomposition products seen in the 31P NMR 
( Fig. 8 ) .  
The expanded c arbonyl stretching region for ( C0 )3W( PPh2CH=CH2 )3 
( IV ) ,  Fig. 7 shows three absorptions. The first could possible be 
passed off as an impurity, but elemental microanalysis of the com-
pound prior to dissolution would lead to the belief that this com­
pound was in the meridional form. The 31P NMR ( Fig. 9 )  shows only 
a strong singlet ( 8 = 22.1 ppm) with its 
33 
2022 
1903 
1847 
1945 
34 
Figure 6 .  IR (\Ibo) of ( �o )3Mo(PPh2CH=CH2 )3 Before Decomposition 
(Enlarged Photographically) 
1843 
1941 
35 
Figure 7. 
1 979 
184.) 
1941 
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Figure 8 .  
a 
p. 
p. 
['. 
• 
0 
.-
I 
a 
p. 
p. 
co 
• 
\.[) 
(\J 
s 
p. 
p. 
co 
• 
co 
N 
(\J 
::x:: 
c..> 
fl 
::x:: 
c..> 
(\J 
..t:: 
0.. 
0.. 
37 
tungsten-phosphorous satellites yielding 1JWP = 219.lHz. Since 
no precedence has been set in the literature, it, can be ·· specu­
lated that the 31P NMR spectrum of a meridional triphosphine 
complex of the type �uggested· by"the IR'data, would yield·a 
spectrum consisting of a doublet and a triplet, due to the 
different stereochemical environments "seen" by the middle 
phosphorous compared to the two "end" phosphorous. Since this 
does not occur, the extra peak in the IR must be due to some sort 
of decomposition. 
co 
oc, _.,, P 
....... 
co 
These starting materials were used in several attempts to 
prepare M(Co)3(PPh2CH2CH2PPh2)3 (M = Mo and W) using free 
radical and base catalysis. Every method resulted in the 
formation of the same complex, (Co)3M(PPh2cH2cH2PPh2 )(PPh2H ) ,  
where M = Mo and W (compounds V and_y], respectively ) .  
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Figure 9.  
ll . 2ppm 
( C0 )3M( PPh2H )3 
3PPh2CH=CH2 
AIBN 
AIBN 
3PPh2H 
( C o )3M( PPh2CH=CH2 )3 
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(C0)3M( PPh2H ) 3 
3PPh2CH=CH2 
K+.t-Buo-
The 3lp NMR of this type of complex would exhibit two 
absorptions. The chelated phosphorous atoms are chemically 
equivalent and would be represented by a doublet downfield from 
the other phosphorous atom because of their tertiary structure 
and chelation. The other phosphorous atom, in this case, 
diphenylphosphine, would be further upfield, half as intense 
and represented by a triplet. 
The 3lp NMR of the compound ( C 0 )3Mo( PPh2H ) ( PPh2CH2CH2Ph2P )  
(V), shown in Figure to, exhibits the triplet (o = 24.2 ppm) and 
doublet (b = 53.4 ppm) associated with the above structure with 
a phosphorous-phosphorous coupling constant of 2JPP = 20.5 Hz. 
The analogous tungsten complex ( C o ) 3W( PPh2H ) ( PPh2CH2CH2Ph2P )  
(VI), figure ·12., also exhibits the expected triplet ( & = 6 . 8  ppm) 
and doublet (b = 39. 0 ppm) with phosphorous-phosphorous coupling 
40 
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Figure 13 • . Expanded IR (\)co) of (C0
)3W(PPh2
H)(PPh2CH2CH2
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2 constant of Jpp = 15.3 Hz and tungsten-phosphorous satellites 
2 with coupling constant of J\VP = 221.4 Hz. 
The unexpected result of these syntheses · was the isolation 
of product containing coordinated diphenylphosphine even when 
the starting material contained only coordinated diphenylvinyl-
phosphine. This substitution is probably due to the accompanying 
decrease in steric strain when replacing the tertiary ligand with 
secondary. 
The cage complex , (Co)3W(PPh2cH2CH2Ph2P)3wcco) where each 
ethylene bis( diphenylphosphine) is coordinated to two different 
metal atoms, was first reported by Zingales and Canziani77 and 
was prepared from the cycloheptatriene complex of tungsten and 
ethylene bis(diphenylphosphine) in a 1 :2 molar ratio in benzene. 
It was reported to have a decomposition point of 194°c and infra­
red absorptions at 1 935 and 1834 cm- 1• This method leads to many 
byproducts of chelation and the formation of bridges between more 
than two metal atoms. It was thought that by our method, these 
byproducts could be avoided. The reaction was to be as follows : 
However , the 3lp NMR spectrum· (Fig.XIV) shows, along with 
both starting .materials, the doublet/triplet pattern of th& 
• • ..,,; I 
chelated product (VI). 
4 5  
Un fortunately, when run through a column, all products decomposed 
leaving further analysis impossible. 
Due to the seemingly inherent instability of the discussed 
tris-diphenyl, diphenyl vinyl and ethylene bis( diphenylphosphine ) 
complexes o f  chromium , molybdenum and tungsten ,  and the previously 
described work by Bowden et al. who suggested that this instability 
- -
was due to steric strain, it appears that future work in this area 
of synthesis o f  tris( ditertiary phosphine ) should be carried out 
at low temperature. Also, to avoid the steric strain of the 
phenyl groups, phosphines such as diethyl vinyl, dimethyl vinyl, 
and other similar compounds, if available , could be used. 
It seems that much of the steric strain and resulting insta-
bility of the facial isomers studied could be avoided by the 
preparation of the meridional isomers. This could be facilitated ; 
using the discovery of Ross ' s  research group68 , 69 ( described in 
the introduction ) that the formation o f  solely the meridional 
isomer o f  the acrylonitrile metal tricarbonyls are formed for 
chromium , molybdenum, and tungsten , even though prepared from 
the facial complexes of acetonitrile. These meridional complexes 
of acrylonitrile could yield ( through displacement of acrylonitrile 
with secondary, tertiary, polytertiary, and the series o f  phosphines 
used to build such polytertiary phosphines) many novel complexes 
with especially interesting 3 1 p NMR splitting patterns. 
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Table 1 : Compound Characteristics 
Code Compound Yield Mp Color 
I ( Co) 3Mo(PPh2H ) 3 89% 160 decomp Off White 
II ( C o )3W( PPh2H )3 49% 1 65-168 Yellow 
I I I  ( Co) 3Mo(PPh2CH=CH2)3 400,-6 1 4 5  Off White 
IV ( Co) 3W( PPh2CH=CH2 )3 79% 1 60-1 6 1  Pale Yellow decomp +-():) 
v ( Co) 3Mo( PPh2CH2CH2PPh2) ( PPh2H )  72% 160 decomp Off White 
VI ( C o)3W( PPh2CH2CH2PPh2 ) ( PPh2H )  Yellow 
VII ( C0 ) 3W( PPh2CH2CH2PPh2) ( PPh2H )  50% Yellow 
Table 2 : Infrared Carbonyl Stretching Frequencies 1 
Code 
I 
I I  
III 
IV 
v 
V I  
VII 
1 c13cH 
**s = strong 
m = medium 
Compound 
( C0 )3Mo( PPh2H )3 
( C0 )3W ( PPh2H )3 
( Co)3Mo( PPh2CH=CH2 )3 
( C 0 )3W ( PPh2CH=CH2 ) 3 
( Co)3Mo( PPh2CH2CH2PPh2 ) ( PPh2H )  
( Co)3W ( PPh2CH2CH2PPh2 ) ( PPh2H )  
( Co)3W ( PPh2CH2CH2PPh2 ) ( PPh2H )  
\1 1 
** 
c::o( cm
- ) 
1 9 53s 1 860s 
1966s 1885s 
1945s 1852m 
1 940s 1844s 
1 946s 1 852s 
1964 1941 
1964 1941 
+-
\.() 
1888 1851 
1905 1 858 
Code 
I 
I I  
III 
IV 
v 
VI 
VII 
3 1  
Table 3 :  P NMR 
Compound SMoPPh2H ppm 
( C o ) 3Mo( PPh2H ) 3 24 . 3  
--
( C 0 )3w ( �PhzH )3 
( C o )3 Mo(PPh2CH=CH2 )3 
( C o )3W( PPh2CH=CH2 )3 
( C 0 ) 3Mo( PPh2H ) ( PPh2CH2CH2Ph2P) 24 . 2  
( C o )3W ( PPh2H ) ( PPh2CH2CH2Ph2P) 
( C o )3W( PPh2H ) ( PPh2CH2CH2Ph2P) 
Data for C ompounds 
�PPh2H �oPPh2R bwPPh2R 
1 2 . 1 JWP Jpp JPH 
ppm ppm ppm Hz Hz Hz 
3 1 3  
6 . 4  218.5 332 
\J1 0 
1 1  • 2 21 9.1 
53 . 4  20.6 
6 . 8  39.0 1 5. 3  
6.8 39.0 221.4 1 5.4 
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Table 4 :  Elemental Microanalyses 
Code Compound Microanalysis ( % )  
Theoretical Found 
I (C0)3Mo( PPh2H )3 c 63.43 63.41 H 4 . 50 4.71  
p 1 2 .  58 1 2 . 58 
I I  ( Co )3W(PPh2H )3 c 56.68 48. 54 H 4 .02 3 .80 
p 1 1 . 24 9.48 
IV ( Co )3W( PPh2CH=CH2 )3 C 59 .75  59.60 
H 4 . 35 4 . 52 
p 1 0.27 1 0.04 
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Experimental Section 
Physical Measurements. Phosphorous-31 NMR spectra were obtained 
by Mr. Lewis w. Carey at Nicolet Technology Corporation, Mt. View, 
California. 3lp NMR spectra were recorded at 40.5 MHz on a Varian 
XL-100 NMR spectrometer equipped with a Fourier transform and a 
pulse deuterium lock. The 31P�1H coupling was eliminated using 
broadband 1H noise-modulated decoupling. Phosphoric acid (85%) in 
a 1 .0mm capillary was used as an external reference for the 31P 
1 spectra and Me4si was used as the internal reference for the H NMR 
�pectra. cnc13 was used for solvent and lock. 
3l p  NMR chemical 
shifts are. reported with positive values downfield from the 
reference. 
Infrared spectra were recorded with the Perkin-Elmer 337 
infrared spectrophotometer and the carbonyl regions were expanded 
using an E.H. Sargent 1211 recorder. The data, obtained from 
chloroform solutions, are considered to be accurate to ! 2 cm-1. 
Elemental microanalyses were performed by Galbraith Labora-
tories, Knoxville, Tennessee. 
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Materials. Diphenylvinylphosphine, diphenylphosphine ,  
molybdenumhexacarbonyl and the mesitylene-tungsten tricarbonyl 
were purchased from the Pressure Chemical Company, and were 
used without further purification. Solvents were obtained from 
Aldrich Chemical Company and were used without purification ex-
cept for the THF, used as solvent for the reactions, which was 
dried over Na to benzophenone blue dryness. 
All reactions were carried out under a nitrogen atmosphere. 
The (Co )3Mo-Mesitylene was prepared according to the method 
of Nicholls and Whiting. 1 
Reactions of (Co)3M(Mesitylene)(M=Mo, W )  with PPh2H and 
PPh2CH=CH2• 
To a solution of (Co)3M(Mesitylene)(M�Mo , W ) (0.002 mol) in 
75 mL benzene was added the appropriate phosphine (0.007 mol ) .  
0 The mixt�r� was refluxed (for M=W, but for M=Mo , heated at 45 C )  
over a period of 24-h. Solvent was removed under reduced pressure 
and product recrystalized from CH2c12/ cn3oH. 
Reactions of (C0)3M(PPh2H) (M=Mo,W) with PPh2CH=CH2• Method 
A-Base Catalyzed. Diphenylvinylphosphine (0.007 mol) in THF (25 mL) 
was added drop-wise to a refluxing solution of (Co)3M(PPh2H )3 
(0.002 mol) and potassium tert-butoXide (0.2 g )  in THF (50 mL) 
over a 1 -h period. Solvent was removed under reduced pressure and 
crude product was recrystalized from CH2Cl2/ cn3on . • 
Method B. Free Radical. A mixture of (Co)3Mo(PPh2H) (0.002 
mol ) ,  AIBN (0. 1 g )  and PPh2CH=CH2(0.007 mol) was heated without 
solvent for a period of 3-h. at 50°c .  Crude product was recrystal-
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Reactions o f  (C0)3M( PPh £H=CH2 L_3 C M=Mo, W) with PPh2J;I, 
Method A-Base Catalyzed. A solution o f  ( Co )3M( PPh2CH=CH2 )3 
(0 .002 mol ) in THF ( 50 mL) was added dropwise to a solution 
o f  PPh2H ( 0 . 007 mol )  and potassium tert-butoxide ( 0 . 2  g) in 
1 00 mL o f  THF over a 1 -h period. After an additional period 
of refluxing o f  1 -h the solvent was removed under vacuum and 
recrystalized as above. 
B. Free Radical. A mixture (Co)3Mo( PPh2CH=CH2 )3 
( 0 . 002 mol) and AIBN (0 . 1 g )  and PPh2H (0 .007 mol )  was heated 
without solvent at 65 C for a period of 1 -h.  The product is 
recrystalized from CH2c12 and CH3oH. 
The base-catalyzed reaction of (Co)3W ( PPh2CH=CH2 )3 
and (Co)3W( PPh2H )3 (0 �0006 mol) in THF (75  mL) was added slowly 
to a re fluxing solution o f  (Co)3w( PPh2CH=CH2 )3 and potassium 
tert-butoxide ( 0 . 1  g )  in THF ( 1 00 mL) over a period o f  3-h. 
The solution was then allowed to re flux for an additional 1 -h. 
The solvent was removed with vacuum and the product recrystalized 
as above. 
CHAPTER I I  
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Introduction 
Numerous carbonyl complexes containing phosphines are 
known ( see introduction to Chapter I ) .  Equally numerous are 
the reports of carbonyl complexes containing di-tertiary and 
poly-tertiary phosphines as chelating ligands.
l 3 , l 5 , l 7 , l 9 ,39 ,  
76 , 77 However, less common are the reports of  poly( tertiary 
phosphines ) ,  in particular, ethylenebis( diphenylphosphine) , . 
where the ligand serves as a bridge between two metal carbonyls, 
especially those of group 6 .  
In 1 960, Chatt and Hart1 4  reported the synthesis of  a 
bridging complex of  nickel carbonyl as a by-product in the 
reaction of  1 , 2-bisdiethylphosphinoethane with nickel carbonyl 
in methanol. The complex was determined to have the following 
structure. 
Werner ' s  research group reported , in 1 966 ,  the synthesis 
of the bridging chromium and molybdenum pentacarbonyl complexes 
of 1 , 2-bis(diphenylphosphino ) ethane. The properties of these 
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compounds are reported as the following. 
Xield Complex ...1iL Color (cm-1 ) 
55% (Co) 5CrPPh2CH2CH2Ph2PCr(C0) 5 200- Pale 2065 , 1 984, 1 943 , 201 Yellow 1 933 ( in CC14 ) 
63% (Co)5MoPPh2CH2CH2 Ph2PMo(C0)5 1 92- Color- 2073, 1 990, 1 952 , 1 94 less 1 939 ( in CC14 ) 
Werner first discovered these bridging species as a by-
product o f  the reaction o f  the diphosphine with the hexacarbonyl. 
But by adjusting the molar ratios o f  diphos and the carbonyl 
complex, he was able to isolate these bridging species as the 
primary product in the yields listed above. However, c olumn 
chromatography on neutral alumina was necessary to remove the 
co-product chelated species. Werner also reported that if these 
complexes were heated further in the presence o f  diphos, that 
only the chelated product is formed. 
In 1 969 King and Kapoor45 reported the synthesis o f  the 
bridging complex trans-PPh2CH=CHPh2P(Mo( CO) 2 ( COCH3 ( c5H5 ))) 2 
from the diphosphine and CH3Mo(Co)3 ( c5H5 ) .  King ' s  group
47 
later followed with the synthesis o f  a similar complex, 
( PPh2CH2CH2P ( Ph )CH2CH2Ph2P ) ( Mo(C0)2 ( COCH3 ) ( C5H5 ) )3 in which 
the ligand is triligate. 
The bridging 1 , 2-bis(diphenylphosphino ) ethane complex of 
tungsten was reported by Keiter and Shah35 in 1 972 and was 
prepared by reaction o f  the aniline pentacarbonyl tungsten 
complex with the diphosphine (reported mp 1 1 6-1 1 7° c, IR Vco= 2075, 
1 983 , 1 942 cm-1 ) • 
The use of 1 , 2-bis(dimethyl phosphino.)ethane as a bridging · 
ligand between two dissimilar metals was reported by Connor and 
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Hudson in 1 974. The complex (Co) 5MoPMe2CH2CH2Me2PMn ( Co )4Br 
was prepared from the addition o f  Mo(C0) 5PMe2CH2CH2Me2P to 
Et4N(Mn ( C0 )4Br2 ) in the presence of silver salts. 
Grim' s  group reported two bridging complexes o f  the 
unsymmetrical ditertiary phosphine 1 -diphenyl-2-phenyl methyl 
phosphinoethane , one o f  tungsten and one o f  molybdenum. The 
molybdenum complex was prepared by direct reaction using a 
1 0  molar excess of  hexacarbonyl. The tungsten complex was 
prepared from direct heating of  the phosphine and analine 
tungsten pentacarbonyl on a equal equivalent basis .  
Compound 
(C0) 5MoPPh2CH2CH2PhMePMo(C0)5 
( Co ) 5WPPh2CH2CH2PhMePW(C0) 5 
Yield 
60 
80 
J1E_ 
1 03-6 
1 06-1 1 0  
Finally, Keiter • s  research group reported the bridging 
complexes cis-( (OC)5WPPh2CH2CH2PPh2 )2PtC12 and 
( (OC )5WPPh2CH2CH2PPh2 ) 2Hg2c14 where 1 , 2-bis(diphenylp�osphino ) . 
ethane acts as a bridge between tungsten pentacarbonyl and 
platinum ( II )  and tungsten pentacarbonyl and mercury chloride. 
Both o f  these complexes required the starting material 
(Co)5WPPh2CH2CH2Ph2P. 
The synthesis of bridging carbonyl complexes of group 6 
metals has been limited to the symmetrical complexes. Sometimes 
these have involved the isolation o f  the dangling ligand, which 
can be tedious, and sometimes has involved the separation o f  
byproducts or starting materials. The following discussion 
summarizes the preparation o f  the three symmetrical and three 
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and three unsymmetrical bridging species o f  the ditertiary 
phosphine 1 , 2-bis( diphenylphosphino )ethane.  
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Results and Discussion 
This chapter describes the application o f  the vinyl 
addition technique reported by Keiter38 to produce the di-
metallic , bridging complexes of the group 6 metal carbonyls. 
There are six possible bridging complexes o f  the group 6 metal 
I 
carbonyls,  three symmetrical (M=M ) and three unsymmetrical 
I 
(M=M ) .  Each of these unsymmetrical complexes can be prepared 
I 
( Co ) 5MPPh2CH=CH2 + ( Co ) 5M PPh2H 
( C0 )5MPPh2CH2CH2Ph2PM1 ( Co )5 
where M = Cr , Mo , or W and M'  = Cr, Mo , or W 
equally well using either one of two methods where the complex 
of M can be the diphenyl or the diphenvinyl derivative and M '  
would be the diphenylvinyl or diphenyl derivative , respectively. 
All six of the pentacarbonyl starting materials ( ( Co ) 5MPPh2H 
M = Cr, Mo, and W )  belong to the point group 
c4V and thus have the active ( 1 ) CO stretching modes A1 , E1 , and 
A( 2 )  1 • There is also one inactive mode , B1 , which is referred 
to as the forbidden mode. However, due to imperfect symmetry the 
B1 absorption does occur and is seen in the infrared spectra o f  
these compounds which exhibit the typical three absorptions A�2 ) , 
B1 , and the overlapping absorptions E· + A� 1 ) . These spectra have 
been expanded and are shown in figures 1 6  through 21 . 
The 31 P NMR spectra of these complexes are shown in figures 
22 through 27. As observed in other systems, the chemical shift 
of the complexes decrease in the order Cr) Mo) w. Tungsten-1 83-
phosphorous coupling is observed in the tungsten complexes from 
which 1 J is measured ( see Table 3 ) .  The proton undecoupled WP 
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Figure 16. Expanded IR ( Vco ) of ( Co )5Cr( PPh2H )  
1 979 
2071 
1 947 
63 
Figure 1 1  • .  Expanded IR (Vc o )  of (C0)5CrPPh2CH=CH2 
1 985 
2067 
1 943 
64 
Figure 1 8� Expanded IR (Jc·o) of (Co)5MoPPh2H 
2074 
1 950 
65 
Figure 1 9 .  Expanded IR (�c o )  of ( C0) 5MoPPh2CH=CH2 
1 993 
2078 
1 953 
6 6  
2077 
1 947 
67 
207 5  
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spectra of the diphenylphosphine complexes (not shown) give 
rise to doublets centered about the chemical shift of the 
1 decoupled singlets, from which JP-H is measured. 
The infrared spectra o f  the three unsymmetrical complexes 
( Co ) 5crL-LW(Co )5, show the expected c4V symmetry of each end 
metal carbonyl. ( Figures 28 through 30, respectively) 
Since the metal carbonyls of the unsymmetrical bridging 
complexes are · still of c4V symmetry, the resulting infrared 
stretching absorptions appear approximately the same locations 
as the symmetrical complexes. Therefore, considering 
( Co )5MoL-LMo(C0) 5and ( Co ) 5WL-LW(Co)5the difference between 
the A�2 )  absorptions is not large enough to be distinguished on 
our spectrophotometer (resolution ± 2cm-1 ) .  Figure 31 shows a 
carbonyl stretching region where the two metal absorptions are 
not resolved. However , for both ( C0) 5CrL-LMo( C0 )5' and 
( Co )5CrL-LW ( Co )5 , the differences in the A� 2 )  absorptions 
( figures 3� ap.d 33) . 
Analysis of the 3l p spectra o f  (Co) 5CrPPh2CH2CH2PPh2Cr(C0) 5 
and (C0)5MoPPh2CH2CH2Ph2PMo(CO $ ( figures 34 and 35, respectively) 
are straightforward ,  both spectra result in singlets of the 
appropriate chemical shifts ( J C�P = 51 . 1 4ppm and 6MoP = 3 1 .75ppm ) .  
Also, the analysis o f  the 3l p NMR spectra o f  the three unsymmetrical 
complexes is straightforward. Two doublets are pictured in each o f  
these complexes due t o  the phosphorous-phosphorous coupling as a 
result of the different environments. These doublets are centered 
around the chemical shifts for the homometallic species. ( Figures 
37 through 39)  In addition , the customary tungsten phosphorous 
satellites are evident in the complexes containing tungsten. 
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The 31 P NMR spectrum ( Figure 36)  of the complex 
( Co )5WPPh2CH2CH2Ph2PH(Co) 5 is o f  special interest because of 
the natural abundance of tungsten-1 83 ( 1 4. 28%) which also has 
a spin number of t. The percent distribution of the complexes 
1 83 1 83 1 83 ( C0 )5 WPPh2CH2CH2Ph2P W(C0) 5, ( C0 ) 5 WPPh2CH2CH2Ph2PW(CO) 
and ( Co )5WPPh2cH2CH2PW(C0 5 is 2 . 04,  24.48 and 73.48%, respectively. 
Since the molecule ( Co )5
1 83wPPh2CH2CH2Ph2PW(Co) 5 contains two 
chemically equivalent but magnetically nonequivalent phosphorous 
nuclei ( as a result of the 1 83w isotope which also has a spin 
number of !) the result is an ABX spectrum. The AB portion of 
the spectrum consists of two ab subspectra which can be identified 
in figure 36 as 1 ,  2 ,  4 ,  and 6 and 3 ,  5, 7 ,  and 8 respectively. 
Analysis of this pattern yields 1 JWP ( 24 1 . 6  Hz) and 
3JPP (36.6 Hz ) .  
Within the limits o f  the instrument ( ±  0.2 Hz) ,  the value of 
4 JWP is zero. 
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Figure 22 . 
32.9  ppm 
71 
Figure 23. 
4 7 . 4  ppm 
6 . 7  ppm H3Po4 
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Figure 25. 
29.3 ppm 
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Figure 26. 31 P NMR o f  (C0)5WPPh2H 
- 13.7  ppm 
. 75 
Figure 2?� 
11.4 ppm 
76 . 
Figure 28. Expanded IR ( Vc o )  of (Co) 5Cr?Ph2C H2CH2Ph2Cr(C0) 5 
1 986 
2065 
77 
Figure 29.  Expanded IR ( Yeo )  of ( C0)5MoPPh2CH2CH2Ph2PMo( C0 )5 
2075 
1954 
78 
2073 
1 943 
'/'j 
Fi(';ure 31. Expanded IR ( Ve o )  of ( C O )  5MoPPh2CH2CH2Ph2P1.'/( CO ) 5 
1 986 
2074 
1 948 
80 
Figure 32. Expanded IR (Ye o )  o f  ( Co ) 5CrPPh2CH2CH2Ph2PMo ( CO )� 
2074 
2065 
1 950 
' 81 
2077 
2069 
82 
51 . 1  ppm 
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Figure .35 • .  jl p NMR o f  ( C0 )5MoPPh2CH2CH2Ph2PMo ( C0) 5 
31 . 7  ppm 
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Figure 38. 
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Table 5 - Compound Characteristics 
Code 
VIII  
IX 
x 
XI 
XII 
XIII 
XIV 
xv 
XVI 
XVII 
XVIII  
XIX 
Compound 
( Co ) 5CrPPh2H 
(OC)5CrPPh2CH=CH2 
(OC) 5MoPPh2H 
(OC) 5MoPPh2CH=CH2 
(OC )5WPPh2H 
(OC) 5WPPh2CH=CH2 
(OC) 5CrPPh2CH2CH2PPh2Cr(C0 )5 
(OC) 5MoPPh2CH2CH2PPhzMo(C0) 5 
( OC ) 5wPPh2CH2CH2PPh2\1/( CO ) 5 
( OC ) 5MoPPh2CH2CH2PPh2W (C0 ) 5 
( C0 ) 5CrPPh2CH2CH2Ph2PMo (Co) 5 
(OC )5CrPPh2CH2CH2PPh2W(C0) 5 
* decomposition 
Yield 
95.0 
38.2 
72 .9  
97.0 
85.4 
73. 4  
43. 6  
80.0 
49. 5  
88. 1  
87. 0  
80. 8  
06) mp(°C )  Color 
60-61 Lt. Yellow 
57 . 5-58 .5  Lt . Yellow 
74-75. 5 White 
57-58 Off White 
89. 5-90. 5  O f f  White 
65. 5-66.0 Lt . Yellow 
1 92-3* Lt. Ylw./Gr. 
1 98-200* White 
2 1 6 . 5-1 7. 5* Yellow 
1 95-8* Off White 
1 90-1 * Yel./Wht. 
205-8* Gr./Wht. 
Code 
VIII 
IX 
x 
XI 
XII 
XIII 
XIV 
xv 
XVI 
XVII 
XVIII  
XIX 
Table · 6 - IR Carbonyl Stretching Frequencies ( cm�l ) in CHC13 
Compound 
(C0)5CrPPh2H 
(Co) 5CrPPh2CH=CH2 
(C0) 5MoPPh2H 
(Co)5MoPPh2CH=CH2 
(Co) 5WPPh2H 
(Co)5WPPh2CH=CH2 
(Co)5CrPPh2CH2�H2Ph2PCr(Co) 5 
(Co) 5MoPPh2CH2CH2Ph2PMo(C0) 5 
(C0)5WPPh2CH2CH2Ph2PW(C0)5 
(Co) 5MoPPh2CH2CH2Ph2PW(C0) 5 
(C0) 5CrPPh2CH2CH2PhPMo(Co) 5 
(Co)5CrPPh2CH2CH2Ph2PW(Co)5 
Af 2 )  1 
2078m 
2067m 
2074 
2078m 
2078 
2075 
2065m 
2075m 
2073m 
2074m 
2075m, 2065m 
2077m, 2067m 
w = weak m = medium s = strong b = broad 
Bi' 
1 993w 
1 985m 
1 992 
1 993w 
1 974 
1 983 
1 986w 
1 992w 
1 984w 
1 986w 
1 987w 
1 986w 
( E + At� 1 ) ) 
1 953s 
1 943s , b 
1 950 
1 953s 
1 945 
1 943 
1 945s , b  
1 9545 ' b  
1 943s , b  
1 948s , b  
1 95os , b  
1 944s , b  
'()> 
\() 
Table 7. 31 P NMR Data 
Code Compound bcrPPh2R bMoPPh2R �PPh2R JWP Hz 2 Jpp Hz 2 JPH Hz 
ppm pem ppr'Vl 
VIII (Co) 5CrPPh2H 32 . 9  339 
-
IX ( C0 )5CrPPh2CH=CH2 47.4 
x (C0)5MoPPh2H 6 . 7  
-
XI ( Co ) 5MoPPh2CH=CH2 29.3 
\.C 
XII ( CO )  5\1/PPh2H - 1 3 . 7  229 . 6  344 . 9  
c 
-
XIII (C0) 5WPPh2CH=CH2 1 1  . 4  239. 4  
XIV (Co)5CrPPh2CH2CH2Ph2PCr(Co) 5 51 . 1 
xv (C0)5MoPPh2CH2CH2Ph2PMo(C0) 5 31 . 7  
XVI ( Co )5WPPh2CH2CH2Ph2PW(C0) 5 1 2 . 7  241 . 6  36.6 
XVII (C0)5MoPPh2CH2CH2Ph2PW(C0) 5 31 .6 1 2 . 9  241 . 6  35. 5 
XVIII ( Co )5CrPPh2CH2Ph2PMo (C0) 5 51 • 1 31 .8 32.4 
XIX ( Co ) 5CrPPh2CH2CH2Ph2PW(C0)5 50. 9  1 3 . 0  241 . 5  32.2 
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Experimental 
Physical Measurements. Phosphorous-31 NMR spectra were 
obtained by Mr. Lewis w. Cary at Nicolet Technology Corporation, 
Mt. View, California. 3 1 P  NMR spectra were recorded at 40. 5 MHz 
on a Varian XL-1 00 NMR spectrometer equipped with a Fourier 
transform and a pulse dueterium lock. The 31 P-1 H coupling was 
eliminated using broad-band 1 H noise-modulated decoupling. 
Phosphoric acid (85%) in a 1 . 0 mm capillary was used as an 
external reference for the 31 P spectra and tetramethylsilane 
was used as the internal re ference for the 1 H NMR. CDC13 was 
used for advent and lock. 3 1 p  NMR chemical shi fts are reported 
with the positive values downfield from the re ference .  
Infrared spectra were recorded with a Perkin-Elmer 337 in-
frared spectrophotometer and the carbonyl regions were expanded using 
an E .H .  Sargent 1 211 recorder or a Beckman 1 0" recorder . The 
data, obtained from chloroform solutions,  are considered to be 
accurate to � 2 cm-1 • 
Elemental microanalyses were performed by Galbraith 
Laboratories,  Knoxville , Tennessee .  
Materials. Diphenylvinylphosphine ,  diphenylphosphin e ,  
molybdenum hexacarbonyl , tungsten hexacarbonyl, and chromium 
hexacarbonyl were purchased from the Pressure Chemical Company and 
were used without further purification . Solvents were obtained 
from Aldrich Chemical Company and used without puri fication except 
for the THF, used as solvent for the reactions, which was dried 
0 over Na to benzophenone blue dryness. 
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A. Preparation o f  ( C0 ) 5CrPPh2CH=CH2 
The indirect method o f  Strohmeier38 was used to prepare 
this c ompoun d ,  in a quartz reaction vessel using a Hanovia 
high pressure quartz mercury vapor lamp of 400 watts. Chromium 
hexacarbonyl ( 5.44 g )  and 250 mL of dry THF were charged into 
the quartz reaction vessel and purged with nitrogen for about 
30 minutes. The u.v. source was then turned on and the sample 
irradiated for approximately 1 hour. The source was then 
turned off.  A color change from chartreuse to yellow to gold 
over the irradiation was observed .  After turning off  the source 
5.00 mL o f  PPh2CH=CH2 was added using a syringe. This solution 
was then stirred for 1 hour, during which the color changed from 
gold to green . The solution was then placed on a rotary evapor-
ator and reduced to an oily mass. The oil was dissolved in CH2c12 
and then MeOH was �dded ( a  volume ratio o f  1 : 1  being use d ) .  
The light yellow crystals were i'solated for · a 38% ·yield. 
mp = 57. 5-58 . 5°c 
(%)  Analysis: Cale ( Found ) 
c 56. 45 ( 56 . 33 )  
H 3 . 24 ( 3 . 31 ) 
p 7.66 ( 7.72)  
2067m( A�2 ) ) 1 985m(B 1 ) 
0 .:: 47.40 ppm 
Difference 
0 . 1 2  
0 . 07 
0.06 
1 943s(E+A� 1 ) ) cm-1 
' 
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B. Preparation of ( Co )5CrPPh2g 
Same procedure as A except irradiated for 6 hours. 
Cr( Co )6 4 .0  g (0.0 1 8 moles ) , PPh2H 3 .2  mL (3.4 g ,  0 .0 1 8 moles ) . 
Gave 6 . 5  g o f  light yellow crystals7o, 74 at 95% yield. 
mp = 60 - 6 1 °c 
IR = 2071 s ( A( 2 ) ) f 
31 P S = 32. 7 5 ppm 
1 979m (B e ) 
JpH :. 3 3 '*  H2. 
c .  Preparation o f  (Co) 5WPPh2li 
The same procedure as in A was used with the following 
c hanges. W ( Co )6 = 6 . 93 g and 3.4 mL of PPh2H .  Color change 
during irradiation was from chartreuse to yellow. 
0 mp = 89 . 5  - 90.5 C Yield = 85.4% Color = Off White 
IR : 2078 ( A �2 � ) 1 974 ( Bf ) 1 945 ( E  + A� l ) ) cm-1 
3l p NMR : b= 1 3.7 JWP = 229 . 6  Hz JPH = 344 .9 Hz 
D. Preparation o f  (C0)5WPPh2CH=CH2 
Same procedure as in A except the following changes. 
6 . 51 g o f  W(Co )6 and 3.75 mL PPh2CH=CH2 • Irradiated for 54 
minutes. 
0 Yield = 75% Color = Off White mp = 65.5=66 . 0  c 
IR : 2075m ( A� 2 ) ) 1 983w ( B,  ) 1 943s ( E  + A( l ) ) cm-1 l 
3 1 p NMR : b= 1 1  . 4  ppm JWP = 239 . 4  Hz 
E .  Preparation of ( C0 ) 5MoPPh2CE�CH2 
The solution o f  1 3 . 2 8  g o f  Mo ( C o ) 6 and 1 00 mL o f  1 , 2-di­
methoxyethane i n  a 25{) :�,1 round oo ttom flask was heated,. and 
9 . 00 mL o f  PPh2CH=CH2 was added to the solution through the 
sidearm using a syringe. The solution was then allowed to 
re flux for 1 hour and 35 minute s .  After cooling t o  room 
temperatur e ,  the solvent was removed via vacuum disti l lation 
until oily. The oil was dissolved in CH2C l2 and an equal 
volume of MeOH added to facilitate crystalization. 
mp = 57 - 58 °C Yield = 97% Color = O f f  White 
IR : 2074 ( .o. � 2 ) ) 1 992 ( B l ) 1 950 ( E  + A ( 1 ) ) 1 cm-1 
3 1 P :  s = 29 . 30 ppm 
Microanalysis 
Element Cale ( :'ound ) D i f ference 
c 50. 9 1  ( 50 . 87 )  0 . 04 
H 2 . 9 2  ( 3 . 0 7 )  0. 1 5  
p 6 . 9 1  ( 7 . 06 )  0. 1 5  
F .  
The same procedure a s  in E was followed with the following 
exceptions. 5 . 96 g of Mo( Co ) 6 and 3.80 mL of PFh2 were use d .  
mp = 74 - 75. 5°c Yield = 72 . 9  Color = White 
IR : 207 8m ( A i 2 ) ) 
3 1 P NMR : b= 6 . 73 
1 9 93 VI C B , ) 
ppm 
1 9 53s (:=: + A � 1 ) ) cm-1 
G .  Preparation o f  ( CO )CrPPh2CH2CH2Ph2PMo(Co ) 5 
1 . 95  grams o f  ( Co ) 5CrPh2H was dissolved in 40 mL of  dry 
T�F and placed in a three-neck flask. The solution was heated 
to re flux. Then 0 .09 g K+ t-Buo- was added . The color changed 
from greenish yellow to orange/yellow with the addition of the 
base. 2 . 30 g of (Co ) 5MoPh2CH=CH2 was dissolved in 4 0 mL of dry 
THF and placed in a pressure equalizing addition funnel and then 
added at a rate of 1 drop per second. After complete addition 
the solution was al:owed to re flux for an additional 1 hour. 
The solution was then cooled and solvent removed under vacuum. 
The resulting oil was dissolved in CH2c12 and an equal volume 
o f  CH3oH added to facilitate crystalization. 
mp = 1 90 - 1 9 1  °c. Yield = 50% Color = Light Green 
IR : 2076 ( A�2 ) ) 2066 ( A( 2 ) ) 1 1 989 ( B t  ) 1 951 (':.: + A( l ) ) cm-1 I 
3 1 ? :  OtA = 3 1  • 8 1  . .  c ppm bcr = 
Microanalysis 
Slement Cale . i.f.ound) 
c 52.32 ( 52 . 06) 
h 2 . 93 ( 3 . 1 5 ) 
p 7 . 50 ( 7 . 78 ) 
5 1 . 07 ppm JPF = 32 .36 
Dif ference 
0.26 
0.22 
0 .28  
H. Preparation o f  ( Co ) 5CrP?h2CH2CH2Ph2PCr(C0) 5 
The same procedure as in G was used with no exceptions 
were used.  
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H. Preparation of (Co)5CrPPh2CH2CH2Ph2PCr(Co) 5 ( Continued) 
mp = 1 92-3°c Yield = 44% Color = Light green I yellow 
IR : 2065 ( A� 2 ) ) 1 986 ( B1 ) 1 950 (E  + Ai l
) ) cm-1 
3l p NMR : ScrP = 51 . 1 4  ppm 
Microanalysis 
Element Cale . ( Fo_und ) Difference 
c 55.26 ( 55.02) 0.24 
H 3.09 ( 3 . 1 6 )  0.07 
p 7.92 ( 8 . 1 7 )  0.25) 
I .  Preparation of  ( C0)5WPPh2CH2CH2Ph2PW(Co)5 
The same procedure as in � was followed with these 
exceptions . :  1 .95 grams of  (Co) 5WPPh2H and 2 .05 g of  
(Co) 5WPPh2CH=CH2 were used. 
mp = 2 1 6 . 5  - 2 1 7 . 5°c Yield = 50% Color = Yellow 
IR : 2074 (A i 2 ) ) 1 986 ( B1 ) 1 948 (E + A�
1 ) ) cm-1 
3 1  (' P NMR : o = 1 2 .7 ppm JWP = 246 . 1  Hz Jpp = 36.6 Hz 
J. Preparation of  (C0)5MoPPh2CH2CH2Ph2PW(C0 )5 
2 . 01 g of ( Co ) 5MoPPh2CH=CH2 and 2 . 1 5  g of W(C0) 5PPh2H 
were dissolved in 80 mL dry THF and heated. When reflux was 
reached 0.08 g K+t-Buo- was added. The solution changed from 
greenish yellow to  orange. The solution was refluxed for 
hour. The mixture was concentrated to an oil on a rotary 
evaporator. The oil was then dissolved in CH2c12and then an 
equal amount of MeOH was added. 
K. 
0 mp = 1 95-8 C 
IR : 207 4 ( A � 2 ) ) 
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Yield = 88% 
1 992 ( B1 ) 
Color = Off White 
1 950 (E + A( l ) ) cm-1 1 
3 1  P NMR : Owp = 1 2. 9 ppm S MoP = 3 1  • 6 ppm JWP = 246. 1 Hz 
Element 
c 
H 
p 
PreEaration 
JPP = 36.6 Hz 
Microanalysis 
Cal e .  (Found) 
45. , 2 (44.99)  
2 . 52 ( 2 . 6 2 )  
6 . 46 ( 6 . 7 6 )  
Difference 
0 . 1 3  
0 . 1 0  
0.30) 
of (Co)5MoPPh2CH2CH2Ph2PMo(C0)5 
The same procedure as in J was used with the following 
exceptions. 2 . 0 1  g o f  ( Co ) 5MoPPh2CH=CH2 and 2 . 00· g o f  
(Co) 5MoPPh2H were used. 
mp = 
IR : 2074 
3 1 p NMR : 
Element 
c 
H 
p 
1 98-200°c Yield = 
( A� 2 ) ) 1 992 ( B1 ) 
�- = 3 1 . 75 ppm 
Microanalysis 
Cale. (Found) 
49.68 ( 49 . 3 7 )  
2 . 78 ( 2.90)  
7 . 1 2  ( 6 . 7 6 )  
80% 
1 9 53 
Color = White 
( E + A ( 1 )) cm-1 1 
Difference 
0 . 1 3  
0 . 1 0  
0.30 
L. PreEaration of (Co)5crPPh2CH2cH2Ph2PW(C0)5 
The same procedure as in G was followed except , 0. 8741 g 
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L. Preparation of ( Co ) 5CrPPh2CH2CH2Ph2PW(Co ) 5 ( Continued) 
0 Yield = 8 1%  Color = Gr. White mp = 205-8 c 
IR : 2076 ( Ai 
2 » 2066 ( A( 2 ) ) 1 1 986 
( Bl ) 1 947 (E  + A ( 1 
) ) cm-1 1 
3 1 p NMR : Swp = 1 3 .  Oppm �r P = 50.9ppm JWP = 241 . 5  Hz 
Jpp = 32.2 Hz 
Microanalysis 
Element _Q_alc_._ (Found) Difference 
c 47.29 (46.92 )  0.37 
H 2.65 ( 2 .78 )  0.63 
p 6 . 78 ( 6 . 85) 0.07 
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